Functional modification by cholera-toxin-catalyzed ADP-ribosylation of a guanine-nucleotide-binding regulatory protein serving as the substrate of pertussis toxin.
The alpha subunits of Gi (Gi alpha) and Gs (guanine-nucleotide-binding proteins involved in adenylate cyclase inhibition and stimulation, respectively) was ADP-ribosylated by cholera toxin in differentiated HL-60 cell membranes upon stimulation of chemotactic receptors by fMLF (fM, N-formylmethionine). The ADP-ribosylation site of Gi alpha modified by cholera toxin appeared to be different from that modified by pertussis toxin [Iiri, T., Tohkin, M., Morishima, N., Ohoka, Y., Ui, M. & Katada, T. (1989) J. Biol. Chem. 264, 21,394-21,400]. This allowed us to investigate how the two types of ADP-ribosylation influence the function of the signal-coupling protein. The major findings observed in HL-60 cell membranes, where the same Gi alpha molecule was ADP-ribosylated by treatment of the membranes with either toxin, are summarized as follows. (a) More fMLF bound with a high affinity to cholera-toxin-treated membranes than to the control membranes. The high-affinity binding was, however, not observed in pertussis-toxin-treated membranes. (b) Although fMLF stimulated guanine nucleotide binding and GTPase activity in control membranes, stimulation was almost completely abolished in pertussis-toxin-treated membranes. In contrast, fMLF-dependent stimulation of GTPase activity, but not that of guanine nucleotide binding was attenuated in cholera-toxin-treated membranes. (c) Gi alpha, once modified by cholera toxin, still served as a substrate of pertussis-toxin-catalyzed ADP-ribosylation; however, the ADP-ribosylation rate of modified Gi was much lower than that of intact Gi. These results suggested that Gi ADP-ribosylated by cholera toxin was effectively capable of coupling with fMLF receptors, resulting in formation of high-affinity fMLF receptors, and that hydrolysis of GTP bound to the alpha subunit was selectively impaired by its ADP-ribosylation by cholera toxin. Thus, unlike the ADP-ribosylation of Gi by pertussis toxin, cholera-toxin-induced modification would be of great advantage to the interaction of Gi with receptors and effectors that are regulated by the signal-coupling protein. This type of modification might also be a candidate for unidentified G proteins which were less sensitive to pertussis toxin and appeared to be involved in some signal-transduction systems.